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Abstract
This retrospective study assessed the radiographic results of 16 patients with avascular necro-
sis following treatment for developmental dislocation of the hip (DDH) who were subsequently
treated between 1991 and 2005 by rotation acetabular osteotomy (RAO) combined with femoral
intertrochan-teric osteotomy (FIO). Initial treatment was by Pavlik harness, cast fixation, or over-
head traction. The parameters that showed consistent improvement were the index of centraliza-
tion, the index of acetabular coverage, adequate reduction of the greater trochanter, and abductor
sufficiency. The combined procedure appears to be effective in cases in which preoperative plan-
ning shows a reasonable expectation of congruency and osteoarthritis is limited to the early stages.
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This retrospective study assessed the radiographic results of 16 patients with avascular necrosis fol-
lowing treatment for developmental dislocation of the hip (DDH) who were subsequently treated 
between 1991 and 2005 by rotation acetabular osteotomy (RAO) combined with femoral intertrochan-
teric osteotomy (FIO).  Initial treatment was by Pavlik harness,  cast ﬁxation,  or overhead traction.  
The parameters that showed consistent improvement were the index of centralization,  the index of 
acetabular coverage,  adequate reduction of the greater trochanter,  and abductor suﬃciency.  The 
combined procedure appears to be eﬀective in cases in which preoperative planning shows a reason-
able expectation of congruency and osteoarthritis is limited to the early stages.
Key words: rotation acetabular osteotomy,  femoral intertrochanteric osteotomy,  combined procedure,  devel-
opmental dysplasia of hip,  avascular necrosis
ost patients with developmental dysplasia of the 
hip (DDH) are diagnosed early via neonatal 
screening and are treated successfully with a Pavlik 
harness and splinting.  However,  1ｵ to 47ｵ of 
patients [1-3] were reported to have avascular 
necrosis of the femoral head,  which is a serious com-
plication of the treatment for DDH that causes insta-
bility or incongruency of the hip and results in second-
ary osteoarthritis.  In our hospital,  12ｵ of patients 
with DDH treated by Pavlik harness developed avas-
cular necrosis of the femoral head after treatment.  
Avascular necrosis of the hip is associated with sev-
eral deformities: coxa vara,  ﬂattening of the femoral 
head with relative overgrowth of the greater tro-
chanter,  and subluxation of the hip.  The goals of our 
operative treatment for such patients are to improve 
antero-lateral acetabular coverage,  to transform the 
weight-bearing surface horizontally,  to decrease the 
shearing force,  to medialize the center of rotation of 
the hip joint,  and to improve the congruency of the hip 
joint.  Rotation acetabular osteotomy (RAO) [4] is a 
circumferential periacetabular osteotomy,  and it can 
restore the position and acetabular coverage of the 
dysplastic hip to nearly normal.  Ninomiya and Tagawa 
[4] indicated this procedure for cases without defor-
mation of the femoral head.  We previously reported 
34 patients without avascular necrosis who underwent 
only RAO following treatment for DDH [5].  In many 
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cases with femoral head deformity,  performing only 
RAO causes incongruency of the hip joint.  Chiari [6] 
recommended both pelvic and femoral osteotomy in 
cases with severe deformity of the femoral head.  
Because congruity will worsen upon improvement of 
roof obliqueness,  a valgus osteotomy is performed 
initially to make the weight-bearing surface of the 
femoral head more horizontal,  and RAO is done to 
attain acetabular coverage.
　 The purpose of the current study was to review the 
radiological and clinical records of 16 patients with 
avascular necrosis following treatment for DDH who 
were subsequently treated by RAO combined with 
femoral intertrochanteric osteotomy (FIO).
Patients and Methods
　 From 1991 to 2005,  we performed RAO combined 
with FIO on 16 patients with avascular necrosis of the 
femoral head (Kalamchi & MacEwen classiﬁcation [7] 
group III or IV) following treatment for DDH.  
Written informed consent was obtained for each of the 
patients.  Central closure of the physis of the femoral 
head had caused a short femoral neck and relative 
overgrowth of the greater trochanter,  but the femoral 
head was usually spherical and contained within the 
acetabulum in the group III cases.  Damage to the head 
and the physis had caused early joint incongruity,  
femoral head ﬂattening,  and coxa vara in the group IV 
cases.
　 There were 15 females and 1 male,  and 9 right 
and 7 left hips were treated (Table 1).  All patients 
happened to have unilateral DDH.  Bilateral DDH was 
not a condition of exclusion.  Patients were excluded 
from the study if they had multiple congenital abnor-
malities or showed teratological comorbidities.  The 
latter were deﬁned as ﬁxed dislocation of the hip in 
association with either a recognized syndrome or a 
neurological disorder.  We performed RAO combined 
with FIO on patients with hip instability,  coxalgia,  or 
limping due to acetabular dysplasia and a deformed 
femoral head.  Patients who had severe osteoarthritis 
(Tönnisʼs Grade III [8]) or presented after menopause 
were excluded from operative indication and from the 
current study.
　 The initial reductions of 13 of the 16 hips were by 
Pavlik harness,  2 were by cast ﬁxation,  and 1 was by 
overhead traction.  The average age at surgery was 23 
years (13 to 41 years),  and the average follow-up 
period was 39 months (11 to 97 months).  The severity 
of osteoarthritis based on Tönnisʼs classiﬁcation [7] 
was as follows: 14 hips were Grade I,  and 2 hips 
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Table 1　 Details of 15 patients with avascular necrosis following treatment of developmental dysplasia of the hip
Case Grade(K&M)5
Grade of
OA
(Tönnis)6
Age
(yrs)
Follow-up
Period
(months)
Sex
Method of
Primary
Treatment
Age at
Reduction
(months)
Period of
Primary Treatment
(months)
 1 Ⅲ 1 23 27 Ｆ PH 3 1
 2 Ⅲ 1 26 28 Ｆ PH 4 4
 3 Ⅲ 1 25 19 Ｆ PH 4 3
 4 Ⅲ 1 21 58 Ｆ CF 3 1
 5 Ⅲ 1 21 26 Ｆ PH 3 3
 6 Ⅲ 1 34 26 Ｆ PH 3 3
 7 Ⅲ 1 24 10 Ｆ PH 4 3
 8 Ⅲ 1 15 11 Ｆ PH 3 3
 9 Ⅳ 1 15 64 Ｆ PH 5 4
10 Ⅳ 1 24 56 Ｆ PH 3 3
11 Ⅳ 1 23 24 Ｆ PH 3 4
12 Ⅳ 1 14 14 Ｆ PH 3 3
13 Ⅳ 1 13 21 Ｆ PH 4 3
14 Ⅳ 2 41 59 Ｍ CF 3 3
15 Ⅳ 2 35 68 Ｆ OT 3 2
16 Ⅳ 1 19 50 Ｆ PH 3 3
Ave. 23 39
PH,  Pavlik harness; CF,  cast ﬁxation; OT,  overhead traction.
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were Grade II.
　 The ordinary radiographic parameters included the 
following: center-edge angle (CEA) [9] as an index of 
centralization and acetabular coverage,  acetabular 
ridge angle (ARA) [10] (as an index of the acetabular 
coverage),  articulo-trochanteric distance (ATD) [11] 
(as an assessment of the elevation of the greater tro-
chanter and abductor insuﬃciency),  and joint space.  
We also measured the obturator foramen-head dis-
tance (OFHD),  which is the distance from the lateral 
side of the obturator foramen to the medial side of the 
femoral head,  at preoperative and ﬁnal evaluations,  
and deﬁned it as an index of centralization of the hip.  
All of the parameters were measured on preoperative,  
postoperative and ﬁnal AP view radiographs.  For the 
purposes of our treatment strategy,  we deﬁned cen-
tralization of the femoral head as a CEA of 20 
degrees or more and adequate acetabular coverage as 
0 degrees or less.  We regarded a positive ATD as 
adequate reduction of the greater trochanter.
　 Clinical assessments analyzed in the current retro-
spective study included those made before the surgery 
and at the ﬁnal examination using Harris Hip Score 
(HHS) [12] and leg length discrepancy (LLD).  In 
addition,  we conducted an investigation into whether 
additional hip reconstruction surgery (for example,  
hip arthroplasty,  arthrodesis) was performed or not.
　 The two-tailed Student t test was used to compare 
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Fig. 1　 The radiographs of case 6 (Group III).  A and B are preoperative radiographs.  C and D are the preoperative radiographs of 
arthrography.  E is a postoperative radiograph.  A,  AP view.  ARA was －38 degrees; B,  False proﬁle view.  VCA 15 degrees.  We planned 
to transfer the position of the acetabulum to 35 degrees lateral and 10 degrees anterior; C,  AP view of arthrogram; D,  Best-ﬁt position 
was ﬂexion 30 degrees and abduction 5 degrees.  The planned femoral intertrochanteric osteotomy was valgus 30 degrees and extension 
20 degrees.
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all the radiographic evaluations and clinical assess-
ments from before the surgery to the ﬁnal examina-
tion.  P＝0.05 was selected to indicate statistically 
signiﬁcant results.
　 Pre-operative planning. The ARAs in the 
neutral position and the vertical-center-anterior mar-
gin (VCA) angle [13] (as the assessment of the ante-
rior cover of the femoral head) in false proﬁle views 
were measured on the pre-operative radiographs 
(Figs.  1 and 2).  The position of the acetabulum 
(traced en bloc) was represented by the position in 
which ARA was 0 degrees and VCA was 25 degrees.  
Congruency was conﬁrmed by dynamic arthrography 
under an image intensiﬁer.  According to Catterall et 
al. [14],  we deﬁned the best-ﬁt position as that in 
which contrast medium pooled least at the medial side,  
and we planned each FIO to permit a neutral best-ﬁt 
position.  Brieﬂy,  the angle of the femoral valgus 
osteotomy was determined by subtracting the best-ﬁt 
angle of abduction from the rotational angle of the 
lateral side of the acetabulum.  The angle of the femo-
ral extension osteotomy was determined by subtract-
ing the rotational angle of the anterior side of the 
acetabulum from the best-ﬁt angle of ﬂexion.
Results
　 The average CEA changed from 4.4° (range: －15
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Fig. 2　 The radiographs of case 10 (Group IV).  A and B are preoperative radiographs.  C and D are the preoperative radiographs of 
arthrography.  E is a postoperative radiograph.  A,  AP view.  ARA was －39 degrees; B,  False proﬁle view.  VCA was 10 degrees.  We 
planned to transfer the position of the acetabulum to 20 degrees lateral and 15 degrees anterior; C,  AP view of arthrogram; D,  Best-ﬁt 
position was ﬂexion 30 degrees and abduction 10 degrees.  The planned femoral intertrochanteric osteotomy was valgus 30 degrees and 
extension 10 degrees.
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～24°) preoperatively to 35.5° (range: 5～50°) at the 
ﬁnal examination.  The average ARA changed from 
－32.4° (range: －50～－19°) to －8.9° (range: －37
～8°).  The average ATD changed from －11.1mm 
(range: －32～16mm) to 12.4mm (range: －14～
41mm).  The average joint space changed from 4.1mm 
(range: 3～9mm) to 3.9mm (range: 2～8mm),  and the 
average OFHD from 18.3mm (range: 7～27mm) to 
14.6mm (range: 2～20mm).  The average HHS 
changed from 75.4 points (range: 55～91 points) pre-
operatively to 96.4 points (range: 89～100 points) at 
the ﬁnal examination.  Coxalgia decreased markedly in 
HHS.  The average limb length discrepancy decreased 
from 20.3mm (range: 5～40mm) to 9.7mm (range: 0
～20mm) (Figs.  1E and 2E) (Table 2).  Additional 
surgery was not needed in any of the cases during the 
investigation periods.
Discussion
　 To our knowledge,  there are few reports that 
describe the clinical results of operative treatment for 
severe avascular necrosis after treatment for DDH.  
Higashi et al. [15] reported an investigation of the 
treatment results of femoral lengthening with elonga-
tion of the femoral neck and distal transfer of the 
greater trochanter; they found that 4 of 6 cases 
tended to subluxation postoperatively and 2 cases 
underwent RAO as additional surgery.  In addition,  
Noguchi et al. [16] reported treatment results for 
intertrochanteric double osteotomy in 13 cases involv-
ing 14 hips.  They described a case with dysplasia 
preoperatively that resulted in progression of sublux-
ation and osteoarthritis.  Trousdale et al. [17] 
reported the treatment results for periacetabular 
osteotomy in 32 cases and for combined periacetabu-
lar osteotomy and intertrochanteric osteotomy in 10 
cases.  They reported that 9 cases (21ｵ) needed 
additional surgeries (additional intertrochanteric 
osteotomy in 3 cases,  total hip arthroplasty in 3 cases) 
over 3 years postoperatively.  No standard treatment 
has been established for severe deformity of dysplastic 
hip,  and the previous reports have indicated relatively 
poor results.
　 In considering the principle of the treatment for 
severe avascular necrosis after the treatment for 
DDH,  we can classify the patients into 3 groups.  
Patients in the ﬁrst group are younger than 6 years 
old,  which is younger than the minimum age in the 
Kalamchi & MacEwen evaluation system.  All patients 
in the current study were 3-5 months old at the initial 
reduction.  Because the possibility that the hip may 
adapt during this period exists,  surgical treatment for 
this age group is not indicated.
173Treatment for Dysplasia of the HipAugust 2009
Table 2　 Radiological parameters and clinical ﬁndings
Case
CEA
(deg)
ARA
(mm)
ATD
(mm)
Joint Space
(mm)
OFHD
(mm)
HHS
(possible)
Limb Length
Discrepancy (mm)
Pr Final Pr Final Pr Final Pr Final Pr Final Pr Final Pr Final
 1 17 43 －24 0 0 15 4 6 15 16 71 100 15 10
 2 8 40 －24 －3 －8 15 3 4 22 15 77 96 20 5
 3 24 48 －23 8 3 14 3 3 18 9 81 96 5 5
 4 8 48 －38 －3 6 15 4 5 18 17 81 100 20 15
 5 13 29 －23 －13 16 40 3 3 17 2 74 89 10 0
 6 0 33 －38 －22 －9 6 3 3 7 6 55 100 20 10
 7 23 26 －19 －3 4 41 3 4 14 17 66 95 10 0
 8 5 40 －20 0 －16 10 4 4 17 10 91 100 30 0
 9 20 28 －28 －14 －16 10 4 4 16 19 71 98 15 0
10 0 42 －39 5 －32 5 4 4 26 19 86 98 25 10
11 6 43 －45 －7 －19 8 4 2 17 19 80 95 20 20
12 －15  5 －39 －37 －23 22 4 2 22 19 88 97 25 10
13 －2 46 －27 6 －14 15 8 8 27 20 74 100 40 15
14 －11 20 －39 －33 －22 －10 9 4 23 14 77 93 30 20
15 －15 27 －50 －30 －18 －14 3 4 14 20 57 91 20 20
16 －11 50 －43 3 －30 6 3 2 20 12 78 95 20 15
Ave. 4.4 35.5 －32.4 －8.9 －11.1 12.4 4.1 3.9 18.3 14.6 75.4 96.4 20.3 9.7
Pr,  preoperation; Final,  ﬁnal examination.
5
Minagawa et al.: Radiological and clinical results of rotational acetabular osteot
Produced by The Berkeley Electronic Press, 2009
　 Patients in the second group are 6-12 years old or 
school age.  Aﬀected hips in this group can be classi-
ﬁed by Kalamchi & MacEwenʼs evaluation.  However,  
these patients are skeletally immature,  and we cannot 
predict the alterability of the deformity during the 
remainder of the growth period.  The authors of the 
current study believe that surgical treatment is not 
indicated for this age group either.  Wada et al.  [18] 
performed the Pemberton osteotomy on 5 patients 
aged 7 to 11 years old with avascular necrosis in 
Kalamchi & MacEwen groups III or IV.  At the end of 
their study,  3 hips were found to be in excellent con-
dition and 2 hips in fair condition by McKayʼs evalua-
tion.  However,  performing only a pelvic operation by 
a Pemberton osteotomy results in imperfect results,  
especially in group IV hips.  The authors of the cur-
rent study believe that it is important to consider the 
acetabular roof as well as the head-acetabular rela-
tionship.
　 Patients in the third group are older than 12 years 
and can be expected to show bony maturation,  and hips 
in this group can be classiﬁed by the Kalamchi & 
MacEwen evaluation.  While spontaneous correction of 
the deformity is not expected,  surgical treatment can 
give adequate or nearly anatomical correction.  
Haverkamp [19] performed an FIO combined with 
acetabular shelf plasty in 8 cases of femoral head 
deformity following DDH.  Four of these cases 
required total hip arthroplasty between 9 and 17 years 
later.  The other 4 cases had good to excellent results 
on HHS,  but an acetabular shelf plasty cannot alter 
the roof of the primary acetabulum or obtain carti-
laginous cover.  In contrast,  RAO shifts the position 
of the acetabular surface and does not require remod-
eling of the joint if hip congruency is achieved at 
operation.  For these reasons the authors consider 
that RAO achieves better biomechanical results than 
shelf plasty over time.
　 In a biomechanical study,  Maquet [20] discussed 
how lateral displacement of the femoral head 
decreases the eﬀective weight-bearing surface of the 
joint,  which,  in turn,  provokes uneven distribution 
and increased articular compressive stresses and 
extended osteoarthritis.  The aims of treatment for the 
prevention of secondary osteoarthritis are to stabilize 
the hip joint and avoid abnormally concentrated stress.  
For this reason,  we regard the repositioning of the 
articular surface horizontally to obtain acetabular 
coverage,  centering the femoral head,  and improving 
the congruency of the hip joint to be important.
　 The report by Endo [21] on three-dimensional gait 
analysis before and after RAO indicated that the hip 
extension motion angle on the treated side increased 
signiﬁcantly,  as reﬂected in the increased gait velocity 
and stride length,  thus improving gait function.  Their 
ﬁndings are consonant with Pauwelʼs earlier observa-
tion [22] that valgus osteotomy of the femur extends 
the leverage of abductor muscular strength and results 
in decreased joint pressure.  The larger ATD values 
at ﬁnal follow-up examinations in the current study 
reﬂect such decreased pressure (Table 2).  Further-
more,  an adequate femoral osteotomy can improve the 
congruency of the hip joint and increase the weight-
bearing surface by decreasing the abnormal stress 
concentration.
　 In general,  the radiographic and clinical results 
were satisfactory for the cases in the current study.  
The parameters that showed consistent improvement 
were the index of centralization,  the index of the 
acetabular coverage,  adequate reduction of the 
greater trochanter,  and abductor suﬃciency.  How-
ever,  in 4 cases in group IV,  the joint space became 
narrowed.  The patient in case 14 obtained a normal 
hip joint post-surgically because the limbus inverted 
spontaneously prior to the operation.  Severe defor-
mity of the femoral head in cases 11,  12,  and 16 made 
it diﬃcult to obtain good congruency of the hip (Table 
2).
　 The ﬁndings suggest that this combined procedure 
appears to be eﬀective in the early stage of osteoar-
thritis and in cases where there is a reasonable 
expectation during pre-operative planning that good 
congruency can be obtained.  Our treatment results 
are good generally because there are no cases in which 
subluxation progressed and which required additional 
surgery.  This procedure provided anatomical correc-
tion and the short-term radiographic and clinical 
improvements were gained.  Detailed,  individualized 
planning and long-term management are essential for 
these patients.
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